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ABSTRACT

Free-Surface Fluid-Object Interaction for the Large-Scale Computation of Ship Hydrodynamics Phenomena: Final 
Report

Report Title

The overarching objective of this work is to develop and implement a robust, accurate and scalable numerical methodology for simulating 
air-water free-surface flow, fluid-object interaction (FOI), and fluid-structure interaction (FSI) phenomena for complex geometries, and with 
no limitations on the motion of the free surface, and with particular emphasis on ship hydrodynamics. The following specific research 
objectives were identified for this project: 1) Development of a theoretical framework for free-surface flow, FOI and FSI that is a suitable 
starting point for discretization with Finite Element or Isogeometric methods; 2) Development of computational procedures (i.e., geometry 
modeling, meshing, and analysis software) in support of this framework with emphasis on surface ship hydrodynamics; 3) Verification and 
Validation of the implemented numerical technology on the well-known benchmark examples and lab-scale and full-scale surface vessels.
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Scientific Progress

1. Developed free-surface flow formulation suitable for discretization by finite elements and Isogeometric analysis.
2. Developed a six degree-of-freedom rigid object formulation and coupled with free-surface flow.
3. Validated free-surface flow for linear FEM and Isogeometric analysis discretizations
4. Developed geometry modeling and meshing capabilities for ship hulls
5. Developed templates to obtain volume parameterization of fluid mechanics domain for ship hulls. Such parameterizations are 
employed
in the Isogeometric Analysis of free-surface flow
6. Validated the fluid/object-interaction capability using the Fridsma planing hull. The attractive feature of planning hulls is the 
necessity to
simulate both water and air, since at high speeds the only a small fraction of the planning hull surface is wetted. As a result, the 
free surface
methodology that does not account for the air domain is not sufficient for this class of problems.
7. Investigated novel structural modeling techniques suitable for the problem class considered in this project.
8. Published six articles in top-tier peer-reviewed international journals, two book chapters, and one book using the research 
results
generated in this project.
9. Delivered several invited conference presentations and seminars using the research results generated in this project.

The work is directly relevant to the mission of the US Army Corps of Engineers (USACE) in the areas of Coastal Hydraulics and
Navigation. Prediction of ship squat, sloshing of liquids (e.g. fuel) in tanks, marine transportation of cargo, evaluation of 
unsteady loads on
levies and embankments arising due to vessel motion in open channels are of great interest to the USACE.

Other classes of problems include high-speed ship maneuvering in rough seas, high-speed Littoral Combat ships (e.g., Small 
Waterplane
Area Twin Hull (SWATH) ships), and other situations where the dynamic free surface behavior and wave breaking play a critical 
role in
the vessel performance and is not accounted for in simplified free-surface models (e.g., free surface approximated by a flat 
surface with
zero traction boundary conditions). The proposed technology will also be able to provide DoD with detailed flow data that is 
unattainable
in field tests, yet is critical for optimal ship design.
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